, but do they really? And does this explain their domestication and uniquely integrated role in human society today?
The results, published in the same issue of the journal (Science (2015) 348, 333-336) aren't quite as defi nitive. The team of Takefumi Kikusui at Azabu University in Kanagawa, Japan, conducted two oxytocin-related experiments on 30 dogs and 11 tame wolves with their human companions.
In the fi rst experiment, the researchers observed canine-human interactions and measured the urinary oxytocin levels before and after. They only found signifi cant correlations after splitting the dog population into two groups, one comprising 21 dogs that shared long eye contact (nearly two minutes on average) with their owners, and one with shorter eye contacts of around forty seconds. The wolves made no eye contact, unsurprisingly, as they tend to use their stare as a threatening gesture among conspecifi cs. The researchers also recorded the duration of owners touching their pets and talking to them.
Analysing the oxytocin concentration in the urine of humans and animals, the researchers found signifi cant increases only in the group that made long eye contact. Within this group, the rise in oxytocin levels of dog and owner correlate with each other and with the length of eye contact more strongly than with the duration of touching or talking.
In the second experiment, the researchers administered oxytocin to dogs as a nasal spray and observed any behaviour change. They found that only female dogs changed their behaviour in that they had more prolonged eye contact with their owners. This unexplained sex difference observed only in the second experiment is one of the many questions left unanswered after this study.
Experts have also pointed to the lack of controls with other pet species or objects with which humans may have emotional bonds, so the study on dogs and wolves alone doesn't exactly prove that the oxytocin 'feedback loop' is the key to the special bond between dogs and humans. However, given that oxytocin is easy to administer and to detect and is clearly relevant to emotional behaviour, one can hope that further studies will clarify the issues thrown up by these preliminary results and perhaps even explain how dogs came in from the wilderness and ended up on our sofas.
Mutual domestication
The traditional narrative of the huntergatherers who tamed and domesticated wolves has been proven wrong in recent years, as it fi ts in neither with the character of wolves nor with the needs of hunter-gatherer societies. Instead, the emerging view suggests a more mutualistic process of joining up, similar to ideas on the evolution of agriculture (Curr. Biol. (2013) 23, R667-R670) and the auto-domestication of cats.
'Friendly' wolves, i.e. those that have learned to live near human settlements without appearing as a threat and consequently being hunted, may have benefi ted from scavenging on discarded carcasses, in a move prefi guring the stereotypical "give the dog a bone".
Only after mutual tolerance between people and proto-dogs had been established, hunter-gatherers, herders, and later on the early farmers could have found uses for the new companions and started to breed them for specifi c purposes, such as hunting, protection, herding, or, more controversially, as an emergency food supply. In a third step, the emotional bonds, complete with oxytocin release on both sides, as observed by Kikusui and colleagues, were established, allowing dogs to become parts of human families, even in situations where they have no practical use beyond comfort and companionship. Surprisingly, there is no agreement as far as when and where the initial steps of the mutual domestication took place (Science (2015) 348, 274-279) . Robert
Feature

Are dogs just like us?
Dogs have evolved to become the animal species most integrated with human society. Surprisingly, the origins and mechanisms of the remarkable co-evolution are still obscure and provide fuel for debates. Brain imaging studies showing up similarities and recent results implicating the hormone oxytocin also suggest that it makes sense to compare the social mind of dogs to our own. Michael Gross reports.
Family dogs: Dog behaviourist Lisa Tenzin-Dolma with her dogs Skye (standing) and the formerly feral Charlie, whose rehabilitation is the subject of her eponymous book. (Photo: Kerry James.) R734 Current Biology 25, R733-R752, August 31, 2015 ©2015 Elsevier Ltd All rights reserved genome from the Taimyr Peninsula in Siberia in this journal (Curr. Biol. (2015) 25, 1515-1519). Pontus Skoglund from Harvard Medical School, USA, and colleagues from the Swedish Museum of Natural History at Stockholm, analysed the genome of a wolf dated to 35,000 years before present and found that this specimen belonged to a population that is now extinct but was closely related to the common ancestor of today's dogs and wolves. Moreover, the researchers found some admixture of this ancient population to present-day dog breeds at high latitudes, in Siberia and in Greenland. Based on this genome sequence, Skoglund and colleagues conclude that the mutation rates of dogs and wolves were overestimated, meaning that the molecular clocks may have to be recalibrated, which may explain the discrepancy between genetic and archaeological evidence.
In an attempt to solve the contradictions over place and time of origin of dogs, Greger Larson from Oxford University and Keith Dobney at Aberdeen (UK), have launched a massive collaborative project to pool and scrutinise all available information and fi nd defi nitive answers (Proc. Natl. Acad. Sci. USA (2012) 109, 8878-8883). The collaboration, which now includes around 50 scientists, is expected to publish its fi rst results later this year.
The special bond
No matter when or where dogs fi rst became affi liated with humans, it is the later step of emotional responding and fi tting in with human families that makes their case unique. Well-adjusted dogs can not only understand our language to a certain degree but also respond to non-verbal cues, such as pointing or even direction of gaze, much better than any other animal, including our closest relative, the chimp. Experts estimate that well-adjusted family dogs can display social behaviour on a level comparable to 2-3-year-old children.
Natural selection acting on successful interspecies communities as well as conscious selection exerted by dog breeders has clearly produced a remarkable extent of understanding between species that continues to benefi t both sides. Thus, it is understandable that psychologists also study the behaviour of dogs and try to fi nd therapies for those that misbehave, while dogs can also lend a therapeutic paw to humans in diffi culties. They can even help stressed students relax at exam time, as reports of 'puppy rooms' at universities suggested earlier this year.
Lisa Tenzin-Dolma, founder and principal of the International School for Canine Psychology and Behaviour (http://theiscp.com/), applies insights from science and psychology both to educate dog owners and to rehabilitate feral and problematic dogs. Taking inspiration from scientists like Marc Bekoff, she has come to the conclusion that people and dogs have more in common than we used to think.
"My work with dogs has been strongly infl uenced by a long-held conviction that dogs, like humans, are emotional creatures," Tenzin-Dolma says. "By relieving the stress caused by negative experiences and emotions which subsequently translate to behaviour issues, and through helping troubled dogs to feel safe and to learn more acceptable ways in which to express themselves effectively, tremendous benefi ts can be seen, both for the dogs and their guardians. Results from the recent research into animal emotions and human psychology is now fi ltering through to the general public. This has the potential to transform the relationships we have with our dogs."
Wayne from the University of California at Los Angeles and colleagues have analysed the mitochondrial genomes of 18 ancient dog and wolf specimens in comparison with modern canines and come to the conclusion that dogs evolved in Europe between 19,000 and 32,000 years ago (Science (2013) 342, 871-874), refuting their own earlier work that had placed the origin of dogs in the Middle East.
However, Peter Savolainen from the Royal Institute of Technology in Stockholm, Sweden, has strongly criticised this work. He believes that the origins lie in southeast Asia, a region not covered by Wayne's samples, as no suitable ancient remains have been found there. Savolainen's hypothesis is based on the genetic diversity of modern dogs, which is highest in Asia. From analyses extrapolating back today's diversity to fi nd a common origin, Savolainen concludes that dogs originated south of the Yangtze river some 16,000 years ago (Heredity (2012) 108, 507-514).
In addition to this dispute over the place of origin of dogs, there is also considerable disagreement over timescales, with many genetic studies suggesting more recent times than the archaeological evidence. An additional piece of the jigsaw has recently emerged with the publication of an ancient wolf When things go wrong and dogs are treated badly, this can lead to serious problems and the risk of attacks even on strangers. As Stanley Coren has recently highlighted on the Psychology Today blog (http://bit.ly/1OTwC6b), dog attacks have become a public health crisis in Taiwan, where a cultural reluctance to have dangerous dogs euthanized leads people to just abandon them instead. Coren discusses a recent study into the likely causes of aggressive behaviour in dogs, which comes to the conclusion that punishment by the owner is a leading cause.
It is also clear that unsuitable treatment, particularly in the formative early months of a dog's life, can lead to problematic behaviour later on. This has been observed with dogs bred in puppy farms and with those abandoned due to economic problems, e.g. in Eastern Europe, where the problem of stray dogs is particularly acute in the cities of Romania. Dog behaviourists can reintegrate problematic and even feral dogs as Tenzin-Dolma has done in several cases and described in her recent book Charlie: The Dog Who Came in from the Wild (Hubble & Hattie 2015).
Genes and neurons
Apart from obvious human and environmental problems, dog misbehaviour may in some cases also have genetic or epigenetic roots. So far, there is no defi nitive evidence to show that human behavioural conditions, such as autism, have equivalents in dogs. Some dog behaviour experts like Ádám Miklósi at Eötvös Loránd University at Budapest, Hungary, are sceptical of such parallels and avoid terms like dog psychology. If such links were to be proven, however, they would offer great opportunities for model studies into therapeutic approaches that might work in both species, such as, again, the hormone oxytocin.
Kurt Kotrschal from the University of Vienna sees potential in this connection. While some problems may be genetic, he says, "this [oxytocin system] and other systems are modulated to a much greater degree by epigenetics in the context of maternal effects and early socialisation. Particularly the oxytocin system is in strong feedback interaction with social behaviour. Hence, application of oxytocin may be a valuable approach for research, but I would be sceptical to routinely intervene with oxytocin treatment in case of affi liation/attachment problems between human/dog, also because oxytocin is a hormone, after all, and external administration may change the receptor system in the long run."
Beyond experiments measuring and applying oxytocin, Kotrschal suggests researchers should also look into the hormone's receptors and their plasticity and responses in genetic and neurological contexts. "We need more studies on oxytocin and oxytocin receptors and on the interactions of this "calming system" (term cast by Uvnäs-Moberg) with the two stress systems, because ultimately social life and emotionality are to a great extent mediated by these systems, which are modulated mainly by early social experience and the kind of embedding in the social web in humans and dogs," Kotrschal concludes.
Recent results from brain scans back up the view that the social brains of dogs and people work in similar ways. Gregory Berns, a neuroscientist at Emory University, Atlanta, USA, has spent decades using MRI to study the functions of the human brain, before adopting a dog and including her in his investigations. Berns managed to train the dog to enter an MRI scanner, put her head on the headrest and keep still for long enough to measure brain responses to simple experimental cues, such as hand gestures, or smells. Thus, Berns was able to conduct the fi rst neuropsychological MRI studies of an awake, unconstrained animal (PLoS One (2012) 7, e38027).
Having established the methodology, Berns has since recruited more than a dozen further canine volunteers, all trained strictly by positive encouragement only. The fi rst results suggest that there are key similarities between canine and human brains in the caudate nucleus, a key region for emotional behaviour. In humans, the caudate is particularly active during the anticipation of positive experiences. Berns' group could show that it plays a very similar role in dogs looking forward to food or perceiving the smell of familiar humans.
Berns concluded in an op-ed in the New York Times that "dogs have a level of sentience comparable to that of a human child". The implication, he wrote, is that "this means we must reconsider their treatment as property". Instead of being a dog's owners, humans should only be considered guardians, with responsibilities similar to those that parents and guardians of children have. (Curr. Biol. (2014 ) 24, 2908 -2912 . Whether these analogies are due to convergence or shared origins remains to be established.
Considering these neurological insights, and given that both humans and dogs evolved in the same social context -the human family groupfor tens of thousands of years, it is only reasonable to study psychology and behaviour across both species. It might help humans and dogs to adjust to today's world which is very different to the one in which both fi rst teamed up.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk (Figure 1) .
Noise Matters refl ects the developmental arc of its author's thinking over several decades of research on various noise matters, culminating in this insightful illustration of just how much noise matters. (The author thanks his wife for his cleverly ambiguous title.) Wiley's central thesis is both simple and correct: perfection in communication -whether between animals, people, machines, or the cells in our bodies -is unattainable because noise and its consequences are inescapable. In laying out the evidence for this argument, Wiley takes his readers on a far-ranging journey -from the physics of sound and the basics of auditory perception through Signal Detection Theory, Decision Theory, Game Theory, and a review of much of his own researchto help us understand the pervasive impacts of noise on the evolution of animal communication. But he does not stop there. He goes on to share his insights into how a better understanding of noisy communication might enlighten our thinking on a diversity of issues, from solipsism to cancer.
The author's clearly stated objectives are to present a framework for studying noisy communication and to discuss its wide-ranging implications. Readers interested in animal behavior stand to gain the most from the book. But those with interests in fi elds as diverse as molecular biology, medicine, linguistics, and philosophy will surely fi nd something worth reading and discussing with friends and colleagues. This book is not -nor does the author pretend it to be -a comprehensive review of scientifi c studies of noise and its impacts on animal communication.
In fact, nearly all references to primary literature are removed from the main narrative to an end section for Bibliographic and Other Notes. At times I found this frustrating, as I wanted to know what empirical studies were informing the author's main message while reading it. The recent volume edited by Henrik Brumm, in which Wiley has an important chapter foreshadowing his new book, is a more useful resource for broad, comprehensive reviews of primary literature (Animal Communication and Noise, 2013, Springer: Berlin) .
Potential readers should also be aware that the book's subtitle (The Evolution of Communication) is very much an example of honesty in communication. Wiley's treatment of the perceptual and neurosensory mechanisms that allow animals to cope with noise is cursory and, at times, just adequate to frame his larger evolutionary argument. As a result, the author misses an important opportunity to link research on noisy communication in animals to the intense and ongoing research efforts aimed at discovering how people with normal and impaired hearing cope with noise.
Noise Matters is divided into four parts, the fi rst three of which deal primarily with nonhuman animal communication. The classic defi nition of animal communication is "an exchange of information between a signaler and receiver in the form of a signal that is transmitted through some medium." Notable for its absence from that defi nition is noise and its infl uence on the decisions of receivers. For many decades, we animal behaviorists have been concerned largely, though not exclusively, with signalers, their signals, and successes
